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dental anomalies [Sperber et al., 1994; Thacker et al., 2009; Brent, 2011] .
Here, we report on a pair of identical twin brothers with Kabuki syndrome and mirror-image cleft lip and palate in whom we detected a deletion of 2 adjacent exons of MLL2.
Clinical Report
The twin boys were born by Caesarean section in the 32+6 gestational week to healthy and non-consanguineous Turkish parents. They had 1 older healthy brother. Cardiac defects, cleft lip and microcephaly in both children had been detected during the pregnancy by ultrasound examination, and prenatal chromosome analyses and array CGH analysis revealed normal results.
Twin 1
Birth measurements of the first twin were normal: birth weight 1,660 g (15th centile), body length 43 cm (30th centile), occipitofrontal circumference (OFC) 28.5 cm (8th centile). He had a leftsided cleft lip and cleft palate. Congenital heart defect (small ventricular septal defect and atrial septal defect) was surgically corrected at the age of 7 months. Ultrasound examinations revealed duplicated kidneys of the left side. He suffered from congenital hypothyroidism, hypoglycemia, hyperbilirubinemia and feeding problems. On examination at the age of 10 months, he had persistent fingerpads, deep palmar creases, arched eyebrows, long eyelashes, and eversion of the lower eyelids ( fig. 1 a) . He also had brachydactyly, hypoplastic nails and cup-shaped ears. Weight (7,750 g, 50th centile) and length (71 cm, 50th centile) were in the normal range, but he was microcephalic (OFC 42.5 cm, ! 3rd centile).
Twin 2
Birth measurements of the second twin were normal: birth weight 1,945 g (40th centile), body length 42 cm (20th centile), OFC 29 cm (10th centile). He had a right-sided cleft lip and cleft palate and congenital heart defect (small ventricular septal defect and atrial septal defect). Ophthalmologic examination revealed a coloboma of the optic nerve of the right eye. He suffered from congenital hypothyroidism and cryptorchidism. Feeding problems necessitated the insertion of a percutaneous endoscopic gastrostomy tube. On examination at the age of 10 months, he had persistent fingerpads, deep palmar creases, long eyelashes, eversion of the lower eyelids, arched eyebrows, brachydactyly and hypoplastic nails ( fig. 1 b) . He was microcephalic (OFC 42.5 cm, ! 3rd centile); weight (8,900 g, 50th centile) and length (70 cm, 50th centile) were within the normal range. At the age of 11 months he had epileptic seizures.
Material and Methods
DNA samples of the patients and their parents were isolated from peripheral blood leukocytes using routine procedures. Molecular genetic analysis of the 54 coding exons and flanking intronic regions of MLL2 was performed by Sanger sequencing. PCR conditions and primer sequences are available on request.
Multiplex ligation-dependent probe amplification (MLPA) was performed using the MRC-Holland Kit P389 (MRC-Holland, Amsterdam, The Netherlands) following the instructions of the manufacturer. This kit contains 27 probes which are evenly distributed over the length of MLL2. MLPA testing of the index patient (first twin) was performed 4 times, and testing of his brother and the parents were performed twice. To determine whether the twins were monozygotic or dizygotic, 15 highly polymorphic autosomal short tandem repeat (STR) markers were tested using the PowerPlex TM 16 system (Promega, Madison, Wisc., USA) according to the manufacturer's instructions.
Results
Sequencing of the MLL2 exons in the index patient (twin 1) failed to reveal any aberrations. MLPA analysis revealed a deletion of exons 14 and 15 of MLL2 ( fig. 2 ).
The identical deletion was also present in the second twin, but not in the parents, i.e. it was a de novo deletion of 2 neighbouring exons. MLPA analysis of exons 11 and 19 revealed normal results. Since exons 12 and 13 and exons 16-18 were not tested, the deletion of exons 14 and 15 represents the minimal size of this deletion, and the maximal size could span exons 12 to 18.
STR marker analysis demonstrated that the brothers were a pair of identical (monozygotic) twins, i.e. all markers had the same status in both twins. 
